Structure–Property Relations in Polymer:Fullerene Blends for Organic Solar Cells by Banerji, Natalie


 :3$8 :8 8 1 :-,
 5:@0 1@ 3$ * 0,;@:G
1,D :;,@G 3$ :,3C:)
* 0,1 C C;! 2 +4<II :,3C:)
+0,/ 1@/, 81 :-,C1,$:8*
%!(%(!!!%* %" 
*!(! " ! 
!
! "
@/, 1 :-,
 :)1, ;3/:  //; 31;,;@ 3$ @*,1 $,/0; 30,1,1) 1  / @:31 313: 63$@ 1  31-C)@  53/G0 :7
E,@* 1  / @:31  5@3: 63$@ 1  $C// : 1  :,D@,D 7 ,1  / 1 30031/G : $ ::  @3 ; C/. * @ :3-C1@,31
0@ :,/8 *:) ; 5:@,31  @E  1 @* 313: 1 @*  5@3: / ; @3 @* ) 1 :@,31 3$ ::, :; E*,* 1  
 F@:@  $:30 5*3@3D3/@,  D, ; ,1 @* $3:0 3$ 5*3@3C:: 1@8 * ) 1 :@,31 0 *1,;0 3$ $:    F@:@/ 
*:) ; *; C;   /3@ 3$ 31@:3D :;,/ ,;C;;,31 ,1 /,@ :@C: 8 C: : ; :* *; ;*3E1 @*@ // @* ;@ 5;
,1D3/D  ,1 *:) ) 1 :@,31 : ;@:31)/G  5 1 1@ 31 @* ::1) 0 1@ 3$ @* 313: 1 @*  5@3: 6	 @* 
;@:C@C: 7 3$ @* C/. * @ :3-C1@,318
*)!" *:) ) 1 :@,31 9 *:) @:1;53:@ 9 ,:3;@:C@C: 9 :)1, ;3/:  //; 9 /@:$;@ ;5 @:3;35G
 %!(%
	9 N1& >:(YH$ N1& *3GHN <G/93" ?1<N<2
S<6N3" @A %&S3"& 1S39/ 9 39N&G*"&
&NT&&9 9 &6&"NG<9 %<9<G 6V&G 9% 9
&6&"NG<9 ""&?N<G 6V&G TH G&?<GN&%C >! 1&
4Q9"N3<9 3H 9&"&HHGV 39 <G%&G N< &**3"3&9N6V
%3HH<"3N& <Q9% &U"3N<9H 39 <G/93" H<62
3%H$ Q9635& *<G 39<G/93" 8N&G36H$ T1&G&
*G&& "1G/&H "9 & %3G&"N6V /&9&GN&% V
63/1N H<G?N3<9C 9<N1&G G&5N1G<Q/1 39
N1& *3&6% TH N1& %&8<9HNGN3<9 <* N1& Q65
1&N&G<4Q9"N3<9 @
A 39 >::-C P! 13H 382
?63&H 6&9%39/ N1& %<9<G 9% ""&?N<G 82
N&G36H N< *<G8  99<H"6& 39N&G?&9&NGN39/
9&NT<G5$ 66<T39/ <9 N1& <9& 19%  6G/&
39N&G*"36 G& *<G &U"3N<9 %3HH<"3N3<9$
9% <9 N1& <N1&G 19%  ?&G"<6N39/ 9&N2
T<G5 *<G "1G/& NG9H?<GN N< N1& &6&"NG<%&HC
<%V$ N1& &**3"3&9"V 39  %&S3"&H &U2
"&&%H >>BC O! 1& 839 %S9N/& <* N13H
N&"19<6</V 3H N1& 6<T2"<HN 89Q*"NQG39/
<* H<6QN3<92?G<"&HH&% %&S3"&H$ T13"1 G&
6G/&2G&$ *6&U36& 9% 63/1NT&3/1NC
1& 8<HN "<88<96V QH&% 8N&G36H 39
<G/93" H<6G "&66H G& 2"<94Q/N&% ?<6V2
8&G &6&"NG<9 %<9<GH$ 6&9%&% T3N1 &6&"2
NG<92""&?N39/ *Q66&G&9& %&G3SN3S&H HQ"1
H  @ K$K!2?1&9V62K>2QNVG3"2"3%2
8&N1V62&HN&GAC 1&V "9 & %3HH<6S&% 39 
"<88<9 <G/93" H<6S&9N$ 9% N1&9 "HN <G
?G39N&% N< 13/16V H<G39/ N139 *368H <*
<QN >YY 98 N13"59&HHC 9 <S&G2H38?632
*3&% ?3"NQG& <* N1& ?G<"&HH&H <""QGG39/ 39
N13H 
 6&9% 3H H1<T9 39 3/C >C 13H
39"6Q%&H# >A 63/1N H<G?N3<9 V N1& ?<6V2
8&G$ PA %3**QH3<9 <* N1& /&9&GN&% &U"3N<9
N< 9 39N&G*"& T3N1 $ OA &U"3N<9 %3H2
H<"3N3<9 N<  <Q9% &6&"NG<921<6& ?3G$
,)8 48 7 ,)*/G ;,05/,%  5,@C: 3$ @* 5:3+
 ;; ; 3C::,1) ,1  53/G0 :$C// :1 / 1
C531 5*3@3+ F,@@,31 47 ,)*@ ;3:5@,31 G
@* 53/G0 : 6E*,@ 7 B7 ,$$C;,31 3$ @*  F,@31
@3 1 ,1@ :$ E,@*  6/.7 A7  F,@31
,;;3,@,31 @3  3C1  / @:31+*3/ 5,: 1
(7 ; 5:@,31 ,1@3 $:  *:) ; @*@ :  F@:@+
  @ @*  / @:3 ;8 7 * 0@, : 5: ; 1@+
@,31 3$ @* ,1D ;@,)@  5*; 03:5*3/3), ;
3$ 5 / 1; C//G ,1@ :0,F  67
3+:G;@/ : ),31; 3+ F,;@,1) E,@* 1 @ 
/C;@ :; 67 5:@,//G 5*; +; 5:@  67 1
5: 30,11@/G 5*; +; 5:@  678

Published in "CHIMIA International Journal for Chemistry 70(7): 512–517, 2016" 
which should be cited to refer to this work.
htt
p:/
/do
c.r
ero
.ch
1&9 N1& ?# 6&9%H G&
?GN366V <G ?G&%<8399N6V ?1H&2H&?GN2
&% QH39/ N1& ?G<"&HH39/ %%3N3S&H @?1H&
8<G?1<6</3&H  9% A$ N1& G&8<S6 <*
 *G<8 N1& "<2"GVHN6 G&/3<9H 6&%H
N< N1& ?G&H&9"& <* 9&N ? %<839H$
H "6&G6V G&*6&"N&% V N1& H1?& <* N1&
?<6V8&G H<G?N3<9 39 N1& -YY)KYY 98
G&/3<9 @3/C PAC 13H 3H  HQ?&G?<H3N3<9 <*
N1& *&NQG&6&HH 6Q&2H13*N&% "<9NG3QN3<9 <*
? 39 N1& 9&N %<839H$ 9% N1& HNGQ"2
NQG&% G&%2H13*N&% "<9NG3QN3<9 <* ?
G&83939/ 39 "<2"GVHN6 G&/3<9HC 1& ?1H&2
H&?GN3<9 39 N1<H& H8?6&H 1H &&9 "<92
*3G8&% V  SG3&NV <* N<<6H @/GW39/29/6&
39"3%&9"& T3%&29/6& 2GV H"NN&G39/$
H"9939/ NG9H83HH3<9 2GV 83"G<H"<?V$
<?N3"6 83"G<H"<?V$ G&H<99N H<*N 2GV
H"NN&G39/AC :! 	N 1H 6H< &&9 H1<T9 V
 H?&"NG<H"<?V$ N1N N1& 39N&9H3NV <*
%3G&"N 2HNN& H<G?N3<9 3H G&%Q"&% 39
N1& ?1H&2H&?GN&% 6&9%H$ %Q& N<  %&2
"G&H& 39 N1& ?<6V8&G#*Q66&G&9& 39N&G*"36
G&C >-! 3966V$ N1&G& 3H  9<N3"&6& G&2
%Q"N3<9 39 N1& G&6N3S& H<G?N3<9 <* 
&6<T .-Y 98 39 N1& ?G&%<8399N6V ?1H&2
H&?GN&% 6&9%H @3/C P$ ?1H& 8<G?1<62
</V A$ 6N1<Q/1 N1&V "<9N39 N1& H8&
8<Q9N <* *Q66&G&9& H N1& *Q66V 39N&G"6N2
&% H8?6&H T3N1 ?1H& 8<G?1<6</VC 13H
3H ?<HH36V G&6N&% N< &919"&% 6<9/2G9/&
<G%&G39/ 39 N1& 9&N  G&/3<9HC >K!
& '  	
U"3N<9 %3HH<"3N3<9 N< "1G/&H 39
?<6V8&G#*Q66&G&9& 6&9%H 1H &&9 H1<T9
N< <""QG <9 N1& Q6NG*HN N38& H"6&$ 39 6&HH
N19 >YY *HC >J! 13H 1H G3H&% "<9H3%&G6&
EQ&HN3<9H$ H39"& HQ"1  *HN N38& H"6& 3H 9<N
"<9H3HN&9N T3N1 &U"3N<9 %3**QH3<9 N1G<Q/1
9&N ?<6V8&G %<839H <S&G  %3HN9"& <*
<QN >Y 98$ 39 <G%&G N< G&"1  
EQ&9"139/ H3N&$ H HQ//&HN&% V 3/C >C
9& 1V?<N1&H3H N1N T& 9% <N1&GH HQ/2
/&HN&%$ 3H N1N &U"3N<9H G& 13/16V %&6<"62
3W&% *<G <QN >YY)PYY *H *N&G ?1<N<2&U2
%<8399N6V ?1H&2H&?GN&% @$ >#> T&3/1N
GN3< ?G<"&HH&% T3N1 & >P <G & >.AC
& %"  % " 	!*
 % %*""
&  
 	
1& H<G?N3<9 H?&"NG <* 9&N
? *368H @T3N1<QN A 9% <* N1&
?# 6&9%H T3N1 N1& *<QG 39S&H2
N3/N&% ?1H& 8<G?1<6</3&H G& H1<T9 39
3/C PC >>! &N ? *368H ?G<"&HH&% N
G<<8 N&8?&GNQG& 1S&  *&NQG&6&HH 2
H<G?N3<9 9% ?&539/ N -P- 98$ 9% N1&V
&83N G<Q9% JYY 98C >P! <G *Q66V 39N&G"2
6N&% ?# H8?6&H @?1H& 8<G2
?1<6</V A$ N1& H<G?N3<9 <* N1& ?<6V8&G
39 N1& "<2"GVHN6 ?1H& &"<8&H HNGQ"NQG&%
9% 8<G& G&%2H13*N&% @8U38Q8 G<Q9%
-KY 98AC 13H 3H 635&6V G&6N&% N< N1& %3*2
*&G&9N "<9*<G8N3<9 9% ?"539/ <* N1&
? "139H 39 N1& "<2"GVHN6 ?1H& "<82
?G&% N< N1& 9&N ?1H&C >O! 	N 1H 6H< &&9
H1<T9 N1N N1& S6&9"& 9% <* ?
H13*NH V Q? N< OPY 8& Q?<9 *Q66&G&9&
39N&G"6N3<9$ T13"1 3H G&6N&% N< 39N&G2
8<6&"Q6G 39N&G"N3<9HC >.! 9 39N&G*"36
"1G/& NG9H*&G @A HNN& &NT&&9 ?
9%  "9 & %3G&"N6V &U"3N&% *G<8 N1&
/G<Q9% HNN&$ 9% 6&%H N<  T&5 H<G?2
N3<9 9% 39 N1& J-Y)>PYY 98 G&/3<9$ H
H&&9 V H&9H3N3S& ?1<N<N1&G86 %&*6&"N3<9
H?&"NG<H"<?V @AC >-!
	9 N1& H8?6&H T3N1 ?1H& 8<G?1<62
</V  @"<2&U3HN39/ 39N&G83U&% ?1H& T3N1
9&N  "6QHN&GHA$ N1& H<G?N3<9 <*
 &6<T .-Y 98 3H HNG<9/6V &919"&%
%Q& N< N1& 13/1&G *Q66&G&9& "<9N&9N$ T136&
N1& HNGQ"NQG&% H1?& <* N1& ? 9%
G<Q9% -KY 98 "<9*3G8H N1N N1& ?<6V8&G
3H ?G&H&9N 39 N1& "<2"GVHN6 ?1H& @3/C PAC
&"QH& <* *Q66&G&9& "GVHN663WN3<9 39 N1&
9&N  "6QHN&GH$ N1& &6&"NG<9 **393NV
39"G&H&H V >YY)PYY 8& T3N1 G&H?&"N N<
 39 N1& "<2"GVHN6 %<839HC (!
9% .A H&?GN3<9 39N< *G&& "1G/&H N1N
G& &UNG"N&% N N1& &6&"NG<%&HC .! 1& %&2
N36&% 8&"193H8H <* &U"3N<9 %3HH<"3N3<9$
"1G/& ?3G H&?GN3<9 9% "GG3&G NG9H2
?<GN G& 13/16V "<8?6&U 9% 1S& "G&N&%
H&S&G6 "<9NG<S&GH36 S3&TH 39 N1& 
"<88Q93NVC & G&S3&T 1&G& H?&"NH <* <QG
G&H&G"1$ T13"1 1S& G&S&6&% N1N N1& 832
"G<HNGQ"NQG& 9% ?1H& 8<G?1<6</V <* N1&

$ #.. N1& ?G&"3H& GG9/&8&9N <* N1& %<2
9<G 9% N1& ""&?N<G *G<8 N1& 8<6&"Q6G N<
83"G<H"<?3" H"6&$ ?6V  %&N&G83939/ G<6&
39 N1&H& ?G<"&HH&HC
'  	 	 *"%
	9 N1&  *3&6%$ 89V &8?3G3"6 TVH
N< &919"& H<6G "&66 &**3"3&9"V V 39*6Q2
&9"39/ N1& 
 HNGQ"NQG& %QG39/ H<6QN3<92
?G<"&HH39/ <* N1& N139 *368H 1S& &&9
%&S&6<?&% @. . "HN39/ H<6S&9N <?N3832
WN3<9$ QH& <* %%3N3S&H$ N1&G86LH<6S&9N
99&639/AC -! 3N1 G&"&9N %S9"&H 39
HNGQ"NQG6 "1G"N&G3WN3<9 <* <G/93" N139
*368H$ K! 3N 1H &"<8& "6&G N1N N1& H38?6&
NT<2?1H& ?3"NQG& H1<T9 39 3/C > 3H 9<N
?&GN39&9NC <N <96V "9 N1& ?<6V8&G 9%
*Q66&G&9& "<8?<9&9NH GG9/& 39N< &3N1&G
8<G?1<QH <G "GVHN6639& 9&N %<839H
<* SG36& H3W&$ QN 9 %%3N3<96 39N&G2
83U&% ?<6V8&G#*Q66&G&9& ?1H& 1H &&9
3%&9N3*3&%C J! 1& N1G&&2?1H& 8<G?1<62
</V$ "<9H3HN39/ <* "<2&U3HN39/ 39N&G83U&%
?<6V8&G#*Q66&G&9& G&/3<9H T3N1 9&N ?<6V2
8&G 9% *Q66&G&9& %<839H$ 6&%H N< 13/12
&HN  &**3"3&9"VC (!
	9 <G%&G N< "<GG&6N& N1& "1G/&
/&9&GN3<9 9% NG9H?<GN ?G<?&GN3&H 39
?<6V8&G#*Q66&G&9& 6&9%H N< N1& HNGQ"NQG&
<* N1& 
 *368H$ T& 1S& T<G5&% T3N1 
8<%&6 HVHN&8 T1&G& N1& ?1H& 8<G?1<6<2
/V "9 & ?G&"3H&6V "1G"N&G3W&% 9% "<92
NG<66&%# 1& 6&9% <* N1& ? ?<6V8&G
@?<6V@P$-23H@O21&U%&"V62N13<?1&92P2V6A
N13&9< O$P2!N13<?1&9&A T3N1 C ($%$:!
13H ?<6V8&G 3H 59<T9 *<G  13/16V <G2
%&G&% 83"G<HNGQ"NQG& 9% *<G &U"&66&9N
?&G*<G89"& 39 *3&6% &**&"N NG9H3HN<GHC >Y!
	N 1H &&9 H1<T9 N1N *Q66&G&9& 8<6&2
"Q6&H 39N&G"6N& &NT&&9 N1& H3%& "139H
<* N1& <G%&G&% ? %<839H$ *<G82
39/  T&662%&*39&% 39N38N&6V 83U&% "<2
"GVHN6 ?1H&C ($%! <G&<S&G$ N1& ?1H&
8<G?1<6</V <* N1& ?# 6&9%H
"9 & 893?Q6N&%$ &3N1&G V "19/39/
N1& ?<6V8&G#*Q66&G&9& T&3/1N GN3<$ <G V
QH39/ *NNV "3% 8&N1V6 &HN&G %%3N3S&H <*
%3**&G&9N 65V6 "139 6&9/N1H @& J$ &
>P 9% & >.AC ($:! 1& *<QG ?1H& 8<G2
?1<6</3&H N1N T& 39S&HN3/N&% G& H1<T9
39 3/C ># Q66V 39N&G83U&% @$ >#> ?#
 T&3/1N GN3<A$ 39N&G83U&% "<2"GVHN6
G&/3<9H 9% 9&N  "6QHN&GH @$ >#.
T&3/1N GN3<A$ ?GN366V 39N&G"6N&% @$ >#>
T&3/1N GN3< ?G<"&HH&% T3N1 & JA$ 9% ?G&2
,)8 B8 ;3:5@,31
;5 @: 3$ 1 @
5 %/0; 1 @
 %/0; 1
5 / 1;
E,@* ,$$ : 1@ 5*; 
03:5*3/3), ; C//G
,1@ :0,F  67
3+:G;@/ : ),31;
3+ F,;@,1) E,@*
1 @  /C;@ :;
67 5:@,//G 5*; +
; 5:@  67 1
5: 30,11@/G 5*; +
; 5:@  678

htt
p:/
/do
c.r
ero
.ch
& &  	 	 

	
9"& N1N N1& &U"3N<9H 1S& %3HH<"3N&%
N  ?<6V8&G#*Q66&G&9& %<839239N&G*"& <G
8<6&"Q6G <Q9%GV 39 N1& 39N&G83U&% G&2
/3<9H$ N1& /&9&GN&% &6&"NG<921<6& ?3GH "9
&3N1&G H?N366V H&?GN& N< *G&& "1G/&H$ <G
/&839N&6V G&"<839& N< N1& /G<Q9% HNN&C
1& %&N36&% 8&"193H8 <* *G&& "1G/&
/&9&GN3<9 39 <G/93" H<6G "&66H 3H HN366
13/16V %&N&%$ T3N1 "<9*63"N39/ ""<Q9NH
<* Q6NG*HN *G&& "1G/& /&9&GN3<9$ P>! 9%
<* H6<T6V H&?GN39/ 2HNN&HC PP! 6NG*HN
*G&& "1G/& /&9&GN3<9 1H &&9 4QHN3*3&%
V 6<9/2G9/& "1G/& H&?GN3<9$ P>$"$%! V
%&6<"63WN3<9 39N< 9&N %<839H$ P>! 9%
V N1& "<9NG3QN3<9 <* 1<N HNN&HC P>&! 9
N1& <N1&G 19%$ N1& %3HH<"3N3<9 <* G&6U&%
2HNN&H 1H &&9 G&6N&% N< 13/1 6<"6
"1G/& "GG3&G 8<363NVC PP! QG G&HQ6NH
T3N1 N1& ?# 6&9%H G&"<9"36&
N1& "<9NG%3"N<GV 1V?<N1&H&H G&?<GN&% 39
63N&GNQG&C >:! & 1S& H1<T9 N1N T1&N1&G
N1& &6&"NG<921<6& ?3GH G& 6& N< %3HH<"32
N& <G 9<N 3H 39HN9N9&<QH6V %&N&G839&%
N N1& 8<8&9N <* N1&3G /&9&GN3<9 @V N1&
8<6&"Q6G GG9/&8&9N 9% 6<"6 &9S3G<92
8&9N <* N1& "1G/& ?3GH$ T13"1 8396V *2
*&"N N1&3G &6&"NG<93" "<Q?639/AC <T&S&G$
8&G HNN&H G& 9<N %3G&"N6V &U"3N&%$ QN 39%32
G&"N6V ?<?Q6N&% 9# N1&  ?G<"&HHC
&N ? %<839H G& ?G&H&9N 39
N1& ?1H&2H&?GN&% ?# 6&9%H
@?1H& 8<G?1<6</3&H  9% AC H &U?&"N2
&%$ N13H %&"G&H&H N1& EQ&9"139/ &**3"3&9"V
<* N1& ? &U"3N<9H @N1& ?<6V8&G &83H2
H3<9 3H <QN J-B EQ&9"1&% 39 ?G&%<832
99N6V ?1H&2H&?GN&% 6&9%H$ 39HN&% <*
7::B 39 N1& *Q66V 39N&G"6N&% H8?6&HAC :!
	9 N1&  H?&"NG T3N1 H&6&"N3S& ?<6V8&G
&U"3NN3<9$ N1& H<G?N3<9 H3/9NQG& <* N1&
? &U"3N<9H <S& (YY 98 3H "6&G6V
S3H36& N &G6V N38& %&6VH *<G N1& ?1H&2
H&?GN&% H8?6&H @3/C O%AC >>$>:! 1&
H3/9NQG& <* N1<H& ? &U"3N<9H %&"VH
*HN&G *<G N1& ?GN366V N19 *<G N1& ?G&%<82
399N6V ?1H&2H&?GN&% 6&9%H$ 9% 39 <N1
"H&H *HN&G N19 *<G 9&N ? *368H @392
H&N <* 3/C OAC & NNG3QN& N1& 8Q6N3?1H3"
EQ&9"139/ 39 N1& ?1H&2H&?GN&% 6&9%H$
T3N1 N38& "<9HN9NH <* YCK ?H$ : ?H 9% >P-
?H$ N< %&6V&%  *N&G &U"3N<9 %3**QH3<9
N1<Q/1 N1& 9&N ? %<839H N<TG%H
C<QN >Y2PYB <* N1& &U"3N<9H /&92
&GN&% T3N139 N1& 9&N ?<6V8&G %<839H G&
6<HN N< N1& /G<Q9% HNN& 9% 9&S&G %3HH<"3N&
%QG39/ N1&3G 63*&N38&C >:!
"3NN3<9$ H< N1N N1&V H8?6&  6G/&G &UN&9N
<* N1& 
$ 9% N1N N1&3G %3HH<"3N3<9 N5&H
?6"& &*<G& &U"3N&%2HNN& G&6UN3<9 N< 
8<G& 6<"63W&% H?&"3&HC >(! QH&EQ&9N6V$
T& 1S& H1<T9 N1N 9 &S&9 8<G& 38?<G2
N9N ?G8&N&G 6&%39/ N< Q6NG*HN &U"3N<9
%3HH<"3N3<9 39 ?<6V8&G#*Q66&G&9& 6&9%H 3H
N1& ?G&H&9"& <* N1& 39N&G83U&% ?1H&C >>$>:!
& *<Q9% N1N ?G<8?N @>YY *HA &U"3N<9
%3HH<"3N3<9 <""QGH ?G&%<8399N6V 39 N1&
G&/3<9H T1&G& N1& ?<6V8&G 9% *Q66&G&9&
G& 8<6&"Q6G6V 39N&G83U&%$ H< N1N 9< &U2
"3N<9 %3**QH3<9 3H 9&"&HHGVC 9 N1& <N1&G
19%$ H6<T&G @%&6V&%A &U"3N<9 %3HH<"32
N3<9 3H <H&GS&%$ 3* N1& &U"3N<9H 9&&% N<
%3**QH& N1G<Q/1 9&N %<839H N<  EQ&9"12
39/ H3N&C
<G *Q66V 39N&G"6N&% ?#
6&9%H @?1H& 8<G?1<6</V A$ 0::B <*
N1& ?<6V8&G &83HH3<9 3H EQ&9"1&% %Q& N<
&**3"3&9N &6&"NG<9 NG9H*&G @A N< 
39 N1& 39N&G83U&% "<2"GVHN6 ?1H&C (! &
1S& H1<T9 V N38&2G&H<6S&% *6Q<G&H"&9"&
H?&"NG<H"<?V N1N N13H <""QGHT3N1  >YY *H
N38& "<9HN9N @39H&N <* 3/C OAC >>! & 6H<
8&HQG&% *&8N<H&"<9% NG9H3&9N H<G?2
N3<9 @A H?&"NG <* N1& H8?6&HC >>$>:$!
13H 66<TH N< <H&GS& N1& %3HH<"3N3<9 <*
N1& &U"3N<9H H T&66 H N1& G3H& <* H3/92
NQG&H G&6N&% N< N1& ?1<N<2/&9&GN&% "1G/2
&HC Q& N< N1& ?G<8?N &U"3N<9 %3HH<"3N3<9
39 N1& *Q66V 39N&G"6N&% 6&9%$ N1& NV?3"6
&U"3N<92HNN& H<G?N3<9 @A <S& (YY
98 3H 9<N H&&9$ &S&9 N N1& &G63&HN 8&2
HQG6& N38& %&6V @YCP ?HAC 	9HN&%$ N1&
H3/9NQG& %Q& N< "1G/&H 3H 39HN9N9&<QH6V
?G&H&9N @3/C O$AC
& 1S& G&S&6&% H3836G6V ?G<8?N
EQ&9"139/ V  T1&9 &U"3N39/ N1&
? ?<6V8&G ?G&H&9N 39 N1& "<2"GVHN6
G&/3<9H <* H8?6&H T3N1 ?1H& 8<G?1<62
</V  @"<2&U3HN39/ 39N&G83U&% ?1H& T3N1
9&N  "6QHN&GHAC <T&S&G$ T1&9 H&2
6&"N3S&6V &U"3N39/ N1& $ <N1 ?G<8?N
9% %&6V&% "1G/& /&9&GN3<9 %V983"H
G& <H&GS&%C ($>>$>P$>:$! 	9 N13H "H&$ &U2
"3N<9H G& ?1<N<2/&9&GN&% 39 N1& *Q66&G2
&9&H 9% %3HH<"3N& V 1<6& NG9H*&G @A
N< ?C 39"&  3H ?G&H&9N <N1 39
N1& "<2"GVHN6 G&/3<9H 9% N1& 9&N *Q66&G2
&9& "6QHN&GH$ ?GN <* N1& &U"3N<9H 9&&% N<
%3**QH& <S&G SG3<QH %3HN9"&H N1G<Q/1 N1&
9&N  %<839H ?G3<G N< N1&3G %3HH<2
"3N3<9$ 6&%39/ N< HNG<9/6V 8Q6N3?1H3"
EQ&9"139/ %V983"H T3N1 N38& "<9HN9NH
G9/39/ *G<8 HQ2?3"<H&"<9% N< 1Q9%G&%H
<* ?3"<H&"<9%HC 	N 3H 635&6V N1N H<8& <* N1&
&U"3N<9H 9&S&G G&"1  EQ&9"139/ H3N& %QG2
39/ N1&3G 63*&N38&$ &H?&"366V 3* N1& *Q66&G&9&
%<839H G& 6G/&G N19 N1& - 98 &U"3N<9
%3**QH3<9 6&9/N1 <* C PY! 	9 N1& "<GG&2
H?<9%39/  H?&"NG$ N1& T&5 H3/9NQG& <*
N1&  &U"3N<9H 3H 13%%&9 V N1& <N1&G
H?&"NG6 *&NQG&H @3/C O"AC <T&S&G$ N1& %&2
6V&%  3H "6&G6V &S3%&9N H  ?G</G&HH3S&
G3H& <* N1& 9&/N3S& /G<Q9%2HN& 6&"139/
@A H3/9NQG& <* ?$ H39"& N1& ?<6V2
,)8 A8 :1;, 1@ +
;3:5@,31 67 ;5 @:
3$ 7 1 @ 5 1
1 @  %/0; 1
7#7 3$ 5
/ 1; E,@* ,$$ : 1@
5*; 03:5*3/3+
), ; @ D:,3C; @,0 
 /G $@ : 5*3@3+
 F,@@,318 	1 7 1
7 @* 53/G0 : E;
; / @,D /G  F,@ 
E*,/ @*  E;
; / @,D /G  F,@  ,1
78 G5,/ ;,)1@C: ;
,1/C @* ):3C1
;@@ / *,1)
67 ;@,0C/@ 
 0,;;,31 67  F,@+
 +;@@ ;3:5@,31
67 *:) ;3:5+
@,31 1  / @:3+
;3:5@,31 678
* ,1; @ ;*3E; @* 
G10,; 3$ 5
 F,@31; 63@,1   ,+
@* : G @,0 +: ;3/D 
 0,;;,31 ;5 @:3;+
35G 3: G 1/G;,;
3$ @*  @78 @
$:30 : $8 448

htt
p:/
/do
c.r
ero
.ch
H39"& N1& "1G/&H %< 9<N 1S& N1& ?<HH3362
3NV N< 83/GN& N< 9V 9&N ? %<839HC
9 N1& <N1&G 19%$ <S&G (-B <* N1& 
"<9NG3QN3<9 %3H??&GH T3N139  *&T ?3"<2
H&"<9%H @8396V 39 7 > ?HA 39 N1& ?1H&2
H&?GN&% 6&9%H @?1H& 8<G?1<6</3&H 
9% $ H&6&"N3S& "<2"GVHN6 &U"3NN3<9A$ 9%
N1&  H?&"NG N 6<9/ N38&H %< 9<N H1<T
9V  @3/C O%AC 13H 39%3"N&H Q6NG*HN
NG9H?<GN <* N1& 1<6&H /&9&GN&% 39 N1& "<2
"GVHN6 G&/3<9H N< 9&N ? %<839HC
<G&<S&G$ T& 1S& QH&% &6&"NG<8<%Q2
6N&% %3**&G&9N36 H<G?N3<9 @A H?&"2
NG<H"<?V 39 <G%&G N< %3G&"N6V S3HQ63W& N1&
H&?GN3<9 <* N1& &6&"NG<921<6& ?3GH H 
*Q9"N3<9 <* ?1H& 8<G?1<6</VC 	9 N13H N&"12
93EQ&$ 9 &UN&G96 G&S&GH& 3H @V3&6%39/ 
1<8</&9&<QH &6&"NG3" *3&6% <* N1& <G%&G <*
>Y-D"8)>A 3H ??63&% "G<HH *Q66 H<6G "&66H
"<9N3939/ N1& ?# *368H$ N1QH
&UN&G966V 39%Q"39/  Q65  G&H?<9H& 39
N1& "N3S& 6V&G @3/C -AC >:! 1&9 N1& %&2
S3"&H G& ?1<N<2&U"3N&%$ N1& NG9H?<GN 9%
&UNG"N3<9 <* N1& ?1<N<2/&9&GN&% "1G/&H
H13&6%H N1& &UN&G96 G&S&GH& 3H 9% G&2
%Q"&H N1& 8?63NQ%& <* N1&  H3/96C 1&
S<6N/&2%G<? 39 N1& H<6G "&66H %Q& N< N13H
&S<6QN3<9 <* N1& "1G/&H "9 & %&%Q"&%
T3N1 *&8N<H&"<9% G&H<6QN3<9C  H?&"2
NG<H"<?V 3H H&9H3N3S& <96V N< N1<H& &6&"NG<92
1<6& ?3GH$ T13"1 %3HH<"3N& N< *G&& "1G/&H
9% G& NG9H?<GN&% N< N1& &6&"NG<%&H @39
"<9NGHN N<  8&HQG&8&9NH$ T1&G& <N1
N1& "1G/&H *G<8 N1& 39N&G83U&% N< N1& 9&N
G&/3<9HC ($>.$PP!
	N 3H %3**3"Q6N N< 6&G9 <QN N1& H?2
N36 H&?GN3<9 <* "1G/&H QH39/  H?&"2
NG<H"<?V$ H39"& &6&"NG<921<6& ?3GH 9%
*G&& "1G/&H NV?3"66V 1S& S&GV H3836G
H?&"NG6 H3/9NQG&HC <T&S&G$ T& T&G&
6& N< 3%&9N3*V  "<9NG3QN3<9 <* &6&"NG<2
H<G?N3<9 @A 39 N1&  H?&"NG <* N1&
?# 6&9%H @39H&N <* 3/C .AC
13H 3H "QH&% V N1& 6<"6 &6&"NG3" *3&6%
N1N &U3HNH G<Q9% ?1<N<2/&9&GN&% "1G/2
&H$ 6&%39/ N<  NG5 H13*N 39 N1& H<G?2
N3<9 <* N1& "1G<8<?1<G&H *<Q9% 39 N1&3G
388&%3N& S3"393NVC >:$P>! & "<Q6% HH3/9
N1& <H&GS&%  H3/96 N< NG9H3N3<9H 39
N1& ? ?<6V8&G$ 9% 8<G& H?&"3*3"66V
N< N1& ?G&H&9"& <* 1<6&H 39 N1& "<2"GVHN6
?1H&C >>$>:! & *<Q9% N1N N1&  %Q& N<
1<6&H 39 N1& 9&N ? %<839H 9% %Q&
N< &6&"NG<9H 39  3H 9&/63/36& 39 N1&
 8&HQG&8&9NHC 1&G&*<G&$ N1& ?G&H2
&9"& <* N1&  H3/9NQG& 3H  %3G&"N ?G<&
<* T1&N1&G 1<6&H G& *<Q9% 39 N1& "<2"GVHN6
G&/3<9H <G 9&N  %<839HC 3/C .
H1<TH N1& N&8?<G6 &S<6QN3<9 <* N1& 
H3/9NQG& *<G %3**&G&9N ?1H& 8<G?1<6</3&H
@H"6&% V N1& %V983"H <* N1& "1G/&HAC
<G *Q66V 39N&G"6N&% 6&9%H 9% 6&9%
"<9N3939/ "<2"GVHN6 G&/3<9H 9% 
"6QHN&GH @?1H& 8<G?1<6</3&H  9% $
?<6V8&G &U"3NN3<9A$ N1&  "<9NG3QN3<9
HNVH "<9HN9N *N&G H<8& 393N36 G&6UN3<9$
N1& H?N36 %3HH<"3N3<9 <* N1& "1G/&H N<
G&"1 N1& - 98 &6&"NG<921<6& H&?GN3<9
9&&%&% N< <S&G"<8& N1&3G <Q6<8 NNG"2
N3<9 3H G&6N3S&6V H6<T$ 9% "9 N5& -)OY ?H
%&?&9%39/ <9 N1& ?1H& 8<G?1<6</VC
	9 3/C O$ 3N 3H "6&G N1N N1& 63*&N38& <*
N1&  H3/9NQG&H G&?G&H&9N39/ N1& "1G/&H
3H HNG<9/6V %&?&9%&9N <9 N1& ?1H& 8<G2
?1<6</VC 1& %V983"H <* N1& "1G/&H @Q?2
<9 H&6&"N3S& &U"3NN3<9 <* N1& ?<6V8&GA TH
&UNG"N&% 9% 3H H1<T9 39 3/C .C >:!1&G&
3H  ?GN36 %&"V <* N1& "1G/& %V983"H
T3N1  N38& "<9HN9N <* <QN PYY ?H %Q&
N< /&839N& "1G/& G&"<839N3<9 @/A$
"<9"&G939/ ?G&%<8399N6V N1& "1G/& ?3GH
N1N T&G& ?G<8?N6V /&9&GN&% 39 N1& "<2
"GVHN6 ?1H&C 1& 8?63NQ%& <* N13H /
%&"G&H&H *G<8 (JB @*Q66V 39N&G"6N&%
6&9%$ ?1H& 8<G?1<6</V A$ N< JPB @?G&2
%<8399N6V ?1H&2H&?GN&% 6&9%$ ?1H&
8<G?1<6</V A$ N< .:B @?GN366V ?1H&2
H&?GN&% 6&9%$ ?1H&8<G?1<6</VA$ 9%
N< OYB @"<2&U3HN39/ 39N&G83U&% ?1H& T3N1
9&N  "6QHN&GH$ ?1H& 8<G?1<6</V
AC 1& NG&9% "<GG&6N&H 39S&GH&6V T3N1 N1&
H<6G "&66 &**3"3&9"V <* N1& "<GG&H?<9%39/
?1<N<S<6N3" %&S3"&HC :$PO! 13H H1<TH N1N
/ 3H  6<HH 8&"193H8 HNG<9/6V G&%Q"2
39/ H<6G "&66 &**3"3&9"V$ QN T13"1 "9 &
?G&S&9N&% V N1& ?G&H&9"& <* 9&N 
"6QHN&GH 9%L<G 9&N ? %<839HC 1&
&UN&9N <* / 6H< H"6&H T3N1 N1& 8?632
NQ%& <* %3G&"N 2HNN& H<G?N3<9$ >-! "<92
*3G839/ N1N N1& G&"<839N3<9 <""QGH *G<8
39N&G*"36 &6&"NG<921<6& ?3GHC
	9 /G&&8&9N T3N1 N1& *"N N1N 9&N
%<839H G&%Q"& /$  8&HQG&8&9NH
<9 N1& 6<9/&G @83"G<H&"<9%A N38& H"6&
39%3"N&  13/1&G V3&6% <* 6<9/263S&% *G&&
"1G/&H @?<6G<9HA 39 N1& ?#
H8?6&H 1S39/ 9&N  %<839H 9%
39 N1& ?1H&2H&?GN&% 6&9%H @?1H& 8<G2
?1<6</3&H $  9% A$ "<8?G&% N< N1&
*Q66V 39N&G"6N&% 6&9%H @?1H& 8<G?1<6<2
/VAC ($:! 	N TH 6H< *<Q9% N1N N1& 9NQG&
<* N1& 6<9/263S&% ? ?<6G<9H 3H 8<G&
6<"63W&% 39 N1& 39N&G83U&% ?1H&$ T136&
3N 3H 8<G& %&6<"63W&% 39 9&N ? %<2
839HC P.! 3966V$ 3N TH G&?<GN&% N1N H6<T
G&"<839N3<9 ?G<"&HH&H G& NG?2H&%
39 *Q66V 39N&G"6N&% H8?6&H$ T136& N1&V
G& 38<6&"Q6G 39 6&9%H "<9N3939/ 9&N
 "6QHN&GHC P-!
1& &9&*3"36 38?"N <* 9&N ?1H&H
<9 N1& H?N36 H&?GN3<9 <* &6&"NG<92
1<6& ?3GH *<G ?# 6&9%H 9%
?<6V8&G#*Q66&G&9& 6&9%H 39 /&9&G6 1H
&&9 59<T9 *<G H<8& N38&$ 9% &U?639H
T1V &HN H<6G "&66 &**3"3&9"V 3H QHQ66V
<N39&% 39 N1G&&2?1H& 8<G?1<6</3&H
"<83939/ 39N&G83U&H G&/3<9H T3N1 9&N
?<6V8&G 9% *Q66&G&9& %<839HC ($PP$PK!
3**&G&9N 8&"193H8H *<G N13H ?1&9<82
&9<9 1S& &&9 39S<5&%$ HQ"1 H 382
?G<S&% NG9H?<GN 39 N1& 9&N G&/3<9H$ PP$PO!
&6&"NG<9 %&6<"63WN3<9 39N< N1& *Q66&G&9&
"6QHN&GH P>$PJ! <G &9&G/V "H"%&H %G3S39/
,)8 (8 3:0/,H 
G10,; 3$ 7 @* 
*:) ::, :; 1 7
@*  / @:3+;3:5+
@,31 67 31@:,C@,31
;/  G @* G10+
,; 3$ @* *:) ;
3@,1  $:30 @* 
1/G;,; 3$ @* 
@ ,1 5
/ 1; E,@* ,$$ : 1@
5*; 03:5*3/3), ;
C//G ,1@ :0,F  67
3+:G;@/ : ),31;
3+ F,;@,1) E,@*
1 @  /C;+
@ :; 67 5:@,//G
5*; +; 5:@  67
1 5: 30,11@/G
5*; +; 5:@  678
* ,1; @ ;*3E; 
@G5,/  ;5 @:C0
 F@:@  $:30 @* 
;5 @:C0 3$ @* $C//G
,1@ :/@  / 18
@ $:30 : $; 44
1 428

htt
p:/
/do
c.r
ero
.ch
<Q9% 9% *G&& "1G/&H G& H&&9AC 	9%&&%$
N1& 8/93NQ%& <* N1& S<6N/& %G<? <N39&%
V N1&  N&"193EQ& H"6&H T3N1 N1& V3&6%
<* *G&& "1G/& /&9&GN3<9 39  /3S&9 ?1H&
8<G?1<6</V @3/C -AC 1QH$ T& <H&GS&%
 S<6N/& %G<? <9 N1& > 9H N38& H"6& <*
 )YCO  39 N1& *Q66V 39N&G"6N&% 6&9%
@?1H& 8<G?1<6</V A$ T13"1 39"G&H&%
N<  )PC(  39 N1& 6&9% "<9N3939/ %%32
N3<96  "6QHN&GH @?1H& 8<G?1<6</V
A$ T1&G& / 3H G&%Q"&% 9% *G&& "1G/&
/&9&GN3<9 3H *S<QG&% @8&HQG&8&9NH
T&G& "GG3&% <QN N )K  ??63&% 3H 9%
H3836G &U"3NN3<9 %&9H3N3&HAC
G<8 N1& S<6N/& %G<? %V983"H$ T&
1S& "6"Q6N&% N1& N38&2G&H<6S&% S&G2
/& &6&"NG<921<6& H&?GN3<9 @HQ8 <* N1&
&6&"NG<9 9% 1<6& 8<N3<9H 39 N1& %3G&"N3<9
N<TG%H N1& &6&"NG<%&H$ 3/C -"AC >:! 	9 N1&
*Q66V 39N&G"6N&% 6&9%H 9% N1& <9&H T3N1
%%3N3<96  "6QHN&GH @?1H& 8<G?1<62
</3&H  9% $ T3N1 ?<6V8&G &U"3NN3<9A$
N1& "1G/&H 393N366V &S<6S& <96V 39 N1&
"<2"GVHN6 ?1H&$ 6&%39/ 39 <N1 "H&H N<
 "1G/& H&?GN3<9 V <QN O 98 T3N139
>Y ?HC *N&G >Y ?H$ N1& &6&"NG<921<6& %3H2
N9"& 3H HNG<9/6V 39"G&H&% <96V *<G ?1H&
8<G?1<6</V  @"<9N3939/ N1& %%3N3<96
*Q66&G&9& "6QHN&GHA$ "<8?G&% N< ?1H&
8<G?1<6</V  @"<9N3939/ 4QHN N1& "<2
"GVHN6 ?1H&AC 13H H1<TH N1N *N&G >Y ?H$
N1& &6&"NG<9H 1S& G&"1&% N1& 9&N 
G&/3<9H$ T1&G& N1& &6&"NG<9 NG9H?<GN 3H 382
?G<S&%C >P$P(! <G N1& ?G&%<8399N6V ?1H&2
H&?GN&% 6&9% @?1H& 8<G?1<6</V $
T3N1 H&6&"N3S& "<2"GVHN6 &U"3NN3<9A$ N1&G&
3H 9 Q6NG*HN &6&"NG<921<6& H&?GN3<9 <*
P 98 39 <96V PYY *HC H %3H"QHH&% <S&$
T& NNG3QN& N13H N< 1<6&H NGS&6639/ *G<8
N1& "<2"GVHN6 G&/3<9H N< 9&N ? %<2
839H @?G<6V T3N139 N1& H8& ?<6V8&G
"139 9% 1&6?&% V 393N36 %&6<"63WN3<9AC
<8?G39/ N1& S<6N/& %G<? %V982
3"H <* ?1H& 8<G?1<6</3&H  9%  @3/C
-A$ N1& %G<? T3N139 N1& *3GHN ?3"<H&"<9% 3H
8<G& ?G<9<Q9"&% 39 N1& ?G&H&9"& <* 9&N
*Q66&G&9& "6QHN&GHC 13H 39%3"N&H N1N N1&
9Q8&G <* %3HH<"3N39/ &6&"NG<921<6& ?3GH
3H 39"G&H&% 39 ?1H& 8<G?1<6</V  *G<8
N1& &G63&HN N38& <9TG%H$ 6N1<Q/1 N1& S2
&G/& &6&"NG<921<6& H&?GN3<9 <96V %3**&GH
*N&G >Y ?H$ <9"& N1& &6&"NG<9H 1S& G&"1&%
N1& 9&N  G&/3<9HC G<8 N13H$ N</&N12
&G T3N1 3H2%&?&9%&9N 8&HQG&8&9NH$ T&
1S& "<9"6Q%&% N1N N1& G9"139/ &NT&&9
&6&"NG<921<6& ?3GH N1N T366 Q9%&G/< /
9% N1<H& N1N T366 & 6& N< H&?GN& N<
*G&& "1G/&H 3H %&N&G839&% 39HN9N9&<QH6V$
N N1& 8<8&9N <* N1&3G /&9&GN3<9 V &U"32
N<9 %3HH<"3N3<9C >:! &GV 9&N ?1H& %<2
839H "9 H13*N N1& G9"139/ GN3< N<TG%H
8<G& *G&& "1G/& /&9&GN3<9C
&S&GN1&6&HH$ &S&9 3* N1& 363NV <*
"1G/& ?3GH N< %3HH<"3N& 3H %&N&G839&% <9
N1& HQ2>YY *H N38& H"6&$ N1& H?N36 %3H2
H<"3N3<9 <* N1& "1G/&H N< G&"1 N1& - 98
&6&"NG<921<6& H&?GN3<9 9&&%&% N< <S&G2
"<8& N1&3G <Q6<8 NNG"N3<9 3H G&6N3S&6V
H6<T$ 9% "9 N5& -)OY ?H %&?&9%39/ <9
N1& ?1H& 8<G?1<6</V @3/C -"AC 13H 3H
&"QH& N1& NG9H?<GN 3H S&GV %3H?&GH3S& 39
66 N1& 6&9%H @H6<TH %<T9 T3N1 39"G&H39/
%3HN9"& H "1G/&H &"<8& 39"G&H39/6V
NG??&%AC P:! 	9 H?3N& <* G&S&639/ 13/1 6<"6
8<363NV9%?<H3N3S&38?"N<*"&GN39?1H&
8<G?1<6</3&H <9 N1& NG9H?<GN$ <QG G&HQ6NH
N1&G&*<G& 6H< /G&& T3N1 ?G&S3<QH6V G&2
?<GN&% H6<T %3HH<"3N3<9 N< *G&& "1G/&HC PP!
 ("
V QH39/  "<8?6&8&9NGV ?6&NN& <*
*&8N<H&"<9%2G&H<6S&% H?&"NG<H"<?3" &U2
?&G38&9NH$ 39"6Q%39/ NG5 &**&"N H?&"2
NG<H"<?3&H 39 N1& H&9"& 9% ?G&H&9"&
<* &UN&G966V ??63&% &6&"NG3" *3&6%H$ T&
1S& "6&G6V &HN63H1&% 1<T N1& ?1H&
8<G?1<6</V <* ?<6V8&G#*Q66&G&9& 6&9%H
**&"NH N1& %3**&G&9N HN&?H 39S<6S&% 39 ?1<2
N<92N<2"QGG&9N "<9S&GH3<9$ &U"3N<9 %3HH<2
"3N3<9$ *G&& "1G/& /&9&GN3<9 9% "1G/&
NG9H?<GNC QG HNQ%3&H T&G& *<"QHH&% <9 N1&
?# 8<%&6 HVHN&8$ T1&G& N1&
?1H& 8<G?1<6</V "9 & ?G&"3H&6V "<92
NG<66&% 9% "1G"N&G3W&%C &S&GN1&6&HH$
<QG "<9"6QH3<9H G& /&9&G66V G&6&S9N 9%
38?<GN9N$ &"QH& N1& 39N&G?6V <* 9&N
9% 39N&G83U&% ?1H&H 39 %<9<G#""&?N<G
6&9%H 1H &&9 3%&9N3*3&% H  5&V *"N<G
*<G <?N383W&% H<6G "&66 &**3"3&9"VC & G&
"QGG&9N6V 39S&HN3/N39/ <N1&G 8<G& 8<G2
?1<QH ?<6V8&G#*Q66&G&9& 6&9%H T3N1 13/1
H<6G "&66 &**3"3&9"V 9% *39% H3836G G&2
HQ6NHC

	 N195 N1& T3HH 1&83"6 <"3&NV *<G 1S2
39/ TG%&% 8& N1& G88N3"53H2&Q899
G3W& 39 PY>-C 13H HQ""&HH T<Q6% 9<N 1S&
&&9 ?<HH36& T3N1<QN N1& 1G% T<G5 <* N1& 392
S<6S&% HNQ%&9NH 9% ?<HN%<"H# 195 V<Q GC

9 GQ&G$ GN39 QHF$ 3H &N&G19H$
35<H G<H&G<H$ GC &8&NG H<55<Q$ GC
G3N&G&H "G<9/&66$ GC 
&63HH &

<9/1&23HH&$ 9% GQ9 G&"NN36C 	 T<Q6%
6H< 635& N< N195 N1& 89V H"3&9N3HNH 	 8 "<62
6<GN39/ T3N1$ &H?&"366V N1<H& *G<8 	8?&G36
<66&/& <9%<9$ T1< "6<H&6V T<G5&% T3N1 8&
<9 N1& ?G<4&"NH ?G&H&9N&% 39 N13H G&S3&T GN3"6&#
GC HN&G Q"1"2<839/<$ G<*C N63&
N39/&639 9% G<*C GN39 &&9&VC 9V
N195H /< 6H< N< G<*C G3" QN1&V$ G<*C 69

C &&/&G 9% G<*C 
"EQ&H <H&G *<G N1&3G %2
S3"&$ 1&6? 9% HQ??<GN 9% *<G 1S39/ 1<HN&%
8& 39 N1&3G 6<GN<G3&H N %3**&G&9N HN/&H <*
8V "G&&GC 3966V$ 	 T<Q6% 635& N< "59<T6&%/&
N1& +99"36 HQ??<GN *G<8 N1& T3HH N3<96
"3&9"& <Q9%N3<9 9% N1& 93S&GH3NV <*
G3<QG/C
 >! C C 9/$ ++%. !;1. 55. 	$ $ >(OC
 P! A C Q$ 
C <$ 
C C Q88&6&9$ C Q%6$
C 
C &&/&G$ #' 	$ 72=$ >J(:I A 
C 
C
C 66H$ C C 6H1$ C C G&&918$ C C
,)8 '8 7 * 0@, : 5: ; 1@@,31 3$ @* ; @C5 C;  $3: @,0 +: ;3/D   / @:303C/@  ,$$ : 1@,/ ;3:5@,31 67 ;5 @:3;35G 31 $C// ;3/:  //
 D, ; C1 : : D :; ,;8 7 3/@) :35 67 G10,; 3@,1  $:30 @*   G $3: @* ,1D ;@,)@  5  D, ; @ : D :; ,+
; ; 3$ #=  C531  F,@@,31 3$ @* 53/G0 : @  &C 1 3$ 48I 
>0B8 7 D :)  / @:31+*3/ ; 5:@,31 /C/@  $:30 @* D3/@) :35 :3;;
@*  D, ; @ #= 8 * ,1; @; H330 31 @*  :/G @,0  /G;8 @ ,; ;*3E1 $3: $C//G ,1@ :0,F  / 1; 6 : 7 ;05/ ; *D,1) 3+:G;@/ : ),31;
3+ F,;@,1) E,@* 1 @  /C;@ :; 6 D,3/ @7 1 5: 30,11@/G 5*; +; 5:@  / 1; 6 G1 E,@* ; / @,D 3+:G;@/  F,@@,3178 @ $:30
: $8 428

htt
p:/
/do
c.r
ero
.ch
<%/53HH$ 
. &. !&. ). 	$ *63$ >PY>(I
%A C GQH<$ C G<3H3$ 0). 5%. . #.
 	$ *=($ >O.:(I &A C C 5Q639$ C
<$ C C S&6V&S$ C C C S9 <<H%G&"1N$
C C H1&93"1935<S$ C 3&%W36&5$ 
C <G936$
C &64<99&$ C C G3&9%$ #' 	$ 66$
>O.YI *A 	C C <TG%$ C Q&G$ C &3HN&G$ C
EQ3$ 
. &. !&. ). 	$ *67$ >.(KKC
 PP! A C C QG5&$ C C "&1&&$ 9. 50.
	$ 73$ >:POI A C C 3N19/&$ C
&S3X3H$ C G8S3"3QH$ C 	9*1H&9/$
C G8S3"3QH$ C C 	C "&9W3&$ C C
&3S93%3H$ C GNH&S$ C &GN&6$ 
C &6H<9$ C
Q9%HNG=8$ C Q639H$ 5. )&&8'. 	$
$ POO.I "A C 9%&T6$ C 6G&"1N$ C C
<5&$ C C G18$ 
C 3%8&G$ 
C C <Q/6H$
C "1Q&GN$ C C N&5&G$ 
C C 6<539/$ C
C QG51G%$ C &6639/&G$ 
C C 
C G'"1&N$ C
8HH39$ C C 3&%&$ C C "&1&&$ C
&1&G$ C 66&<$ 5. 50. 	$ *6$ KOC
 PO! 	C2C T9/$ 
C C 38$ C 1<$ 
C Q&9$ C
<N&H$ C &&$ C &&9&V$ 	C "Q66<"1$ C
<H&H$ C 
C &&/&G$ 
. !;1. !&.  $
**7$ J(-OC
 P.! C <Q$ C Q"1"2<839/<$ C 5<T3"W$ C
&WH<6N93$ C "GN1V2G%$ C &&9&V$ C
19/$ C N39/&639$ C 36S$ 
. 50. !&. 
	$ 6$ OJPPC
 P-! A C V89$ C 
C 9%&G/$ C HN&G"5$
9. '0 ; 50. 	$ $ >.YY(:YI A C
C &1G3/$ 	C C <TG%$ C T&&N98$ C C
QG5&$ C C "&1&&$ C EQ3$ 0)&)%.
+# )&&8'. 	$ 63$ >Y-.C
 PK! A C G9"Q63H$ C 	9*1H&9/$ C 9/$ C
&S3W3H$ C C 3N19/&$ C C <9H&"$ 
GC$
C 	9/9H$ C C GNH&S$ C Q639H$ C
Q9%HNG<8$ 
. &. !&. ). 	$ *63$
>>OO>I A C C &Q4Q/&$ 
C C 
C G'"1&N$ 
.
&. !&. ). 		$ *66$ PYYY:C
 PJ! C C 3NN9&G$ C 36S$ 5. )&&8'. 	$ $
O>>:C
 P(! C V89$ C 
C 9%&G/$ C HN&G"5$
;'5!. 5. 	$ 7=*$ KC
 P:! A C 1363??$ C N<6N&G*<1N$ C C QG9$ C

QH5$ C &G&%3N1$ C C 13N&$ C 3SG35H$
#. +. 	$ $ -K:-I A C &639H$ C
G9"Q63H$ C &S3X3H$ C Q639H$ C 	9/9H$
C &8&G395$ 9. 8'5. 50C 	$ 7$
.-YJI "A C <G3&/$ 
C 3S9V$ C 9%&T6$ C
C C <"1$ C N39/&639$ C 83N1$ C C <9&V$
C 66&<$ 5. 50. 	$ *7$ >YO(C
 >P! C C 9"&$ C 
C &G/QH<9$ C "GN1V2
G%$ C &&9&V$ C C 396&V$ C C 6H<9$
C Q86&H$ C <?3%53H$  ') 		$ $
-KO-C
 >O! C C 366&G$ C 1<$ C 
C 
Q95$ C VH&6$ C
3H5<$ C 38$ C T&&N98$ C C 366&G$ C 
C
3"1N&G$ C 
C 639&$ C &&9&V$ 	C "Q66<"1$
C 8HH39$ C "&S&%<2&63W$ C 9<U$ C
C 9H&9$ C Q%&95<$ C C 18&65$ C
C <9&V$ 
C C G&%H$ C C "&1&&$ 9.
50. 	$ 7$ KYJ>C
 >.! C T&&N98$ C C G18$ C C /<9/9/
%4T$ C &Q8Q66&G$ 
C C GN&6N$ C C
QG5&$ C 3$ C <Q$ C 8HH39$ C C
"&1&&$ 
. &. !&. )C 	$ *63$ >.YJ(C
 >-! A C QH9$ C 9%&T6$ C 66&9%<G*$ C C
9H&9$ 
C ,Q8$ C 66&<$ C V5<9<S$ C
&3&6$ 9. '0 ; 50. 	$ $ >.YY:PPI
A C Q"1"2<839/<$ C 9%&T6$ C &3$
C CN539H$ C C "1<6&H$ 
C C 99<"5$ 
C C
%& &66<$ C 
C 3"1N&G$ C C &<9/"18?$C
8HH39$ C &&9&V$ C 66&<$ C N39/&639$

. &. !&. ). 	$ *62$ -P-KC
 >K! C C C Q36&GN$ C "183%N$ C GQ9<$ 
C
<$ C 39/$ C C Q6%1G$ C 3G"1GNW$ C
	C6<9H<$C C <;3$ C N39/&639$ CC EQ&$
C 8?<V2Q36&H$ 
C &6H<9$ 9. 8'5.
50. 	$ K:JPC
 >J! C 
C G&"$ C &GW$ C &GQ66<$ C &
36S&HNG3$ C QWWN3$ 
C C Q88&6&9$ C
G3"3*N"3$ !&. !;1. 55. 	$ 6=$ POPC
 >(! A C 9&G43$ 
. 50. !&.  	$ *$ OY-PI
A C 1&9$ C 
C G5&G$ C C &3H1$ C C
<G%<9$ 
C C <%/53HH$ 
. &. !&. )C
	$ *6$ >(-YPC
 >:! A C QHF$ 
C C 
<9/1&23HH&$ C
"G<9/&66$ 
C C GQ&G$ C Q"1"2
<839/<$ 
C2C <H&G$ C N39/&639$ C 9&G43$
580 )&&8'C$ ""&?N&%I A C "G<9/&66$
C C G&"NN36$ C Q"1"2<839/<$ 
C
C <Q/6H$ C &Q?G'$ C "GN1V2G%$
C &&9&V$ 
C2C <H&G$ C &"6&G"$ 
C C 
C
G'"1&N$ C N39/&639$ C 9&G43$ 
. 50.
!&.  	$ 7$ KP>(I "A C C G&"NN36$ C
9&G43$ 
. &. !&. ). 	$ *63$ >.JPC
 PY! C C <WQ$ C 51H1<QG3$ C C &HS$
C 9/$ C &U&8&G$ C C <8&W$ !&.
)&&8'. 	$ $ -(-:C
 P>! A C G<S&9"1&G$ C &GQ&$ C C G5&G$ C
C G&&N18$ C <TG3&$ C &66899$ C
<N&$ C N39/&639$ C 36S$ C C V&H$ 5.
)&&8'. 	$ $ .P((I A C '639H$ C <$
C Q8G$ C C 83N1$CC 139$ 
C 6G5$ C C
S9 %&G <66$ C C W9$ C C G3&9%$ #'
	$ 66$ ->PI "A C 
C G5&G$ C 1&9$ 
C C
GH&/63$ C C G3&9%$ C C <GNN3$ C C
<68&H$ 580 	$ 623$ .:(C
 O! CC G&&9$ C 8&GV$C 3H135T$CGN$
C C Q96<?$ 0) . !)5)9)%5 1. ++%. 	$
76$ (Y-C
 .! C C 1<8?H<9$ 
C C 
C G'"1&N$ ' :.
!&. 	'5. . $ 2$ -(C
 -! A 
C &&N$ 
C C 38$ C C <N&H$ C C $ C
<H&H$ C 
C &&/&G$ C C W9$ 5. 50.

$ 3$ .:JI A C $ C 9/$ C <9/$ C
&&$ C 
C &&/&G$ 9. 8'5. 50. $
*$ >K>JI "A C C 11&&9$ C 
C G&"$ C
C G3"3*N"3$ C %39/&G$ C G<81&GW$ 
C C
Q88&6&9$ ++%. !;1. 55. 	$ 2$ (.>C
 K! A C Q9/$ C 
C G8&G$ C 
C &&/&G$ C C
W9$ !&. 9. 	$ **$ JYYKI A C 3Q$
C Q$ C 1&9$ C &G%<QH$ C2C 9/$ C C
QHH&66$ 0) . )%;&. #. 	$ 6$ >::YC
 J! C &HN"<NN$ 
C C Q86&HN<9$ C 1<&&$ C
&G9$ 
C C 99<"5$ 
C C 36"1G3HN$ C &QNW$
C 
C %&$ C &&9&V$ C %&$ 
C QGG9N$ C C
"136$ C N39/&639$ '0 ; '9#0)'. #.
	$ 3$ PJ-KC
 (! A 
C C GN&6N$ C C &36&V$ C C <5&$ C
C N&5&G$ 
C C <Q/6H$ C C <6639H$ 
C
C Q86&HN<9$ C C G18$ C 8HH39$
C %&$ 
C C 
C G'"1&N$ C C <9&V$ C C
"&1&&$ 9. '0 ; 50. 	$ 6$ OK.I A
C C 
83&H<9$ C C <839/<$ C "GN1V2
G%$ C &&9&V$ C N39/&639$ 
C C QGG9N$
!&. #. 	$ 6$ .(-I "A C C <6639H$ 
C
C Q86&HN<9$ C %&$ 
. !;1. !&. 55.
		$ 7$ O>O-I %A C C V&G$ C C <9&V$ C
C "Q66V$ 
C 3S9V$ C 
C G&"$ C "1G&G$
C <??&$ C &&9&V$ 	C "Q66<"1$ C C
"&1&&$ 9. 8'5. 50. $ *($ >>JOC
 :! C Q"1"2<839/<$ C 
C &G/QH<9$ C C

83&H<9$ C "GN1V2G%$ C 1<&&$ 
C C
Q86&HN<9$ C C &3%$ C Q$ C C %&"$
C *998<66&G$ C &G8&GH"183%N$ C C
"1G=%&G$ C C N539H$ C <?3%53H$ C
<GN6&$ C 8HH39$ C &&9&V$ C %&$ C
Q86&H$ 
C C QGG9N$ C N39/&639$ 50.
)0#<C 	$ *$ PJYC
 >Y! A C C 8%93$ C 
C Q9%6"1$ 	C
"Q66<"1$ C &&9&V$ ++%. !;1. 55. 
$
(*$ P.O->PI A 	C ""Q66<"1$ C &&9&V$ C
36&V$ C &9&S3"3QH$ C 	$ C 15Q9<S$ C
?GG<T&$ C 3&G9&V$ C /9&G$ C C 19/$
C C 139V"$ C 
C 639&$ C C "/&1&&$
C C <9&V$ 5. 50. $ $ OP(C
 >>! C "G<9/&66$ 
C & 
<9/1&23HH&$ C
Q"1"2<839/<$ C QHF$ C &3$ C
&&9&V$ 
C2C <H&G$ C N39/&639$ C 9&G43$

. &. !&. )C 	$ *62$ P:Y(C

htt
p:/
/do
c.r
ero
.ch
